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Introduction: Soil moisture and soil water retention capacity are key influencing
factors for the normal growth and development of vegetation. Understanding the
dynamic change characteristics of soil moisture in blowouts and soil water
retention capacity is of great significance for the management of blowouts.

Methods: This study employs drying and in situ monitoring methods to select
typical blowouts in different regions (sand pits, fringe zones, sand accumulation
zones, and sand-grass transition zones) on the Hulunbuir Grassland. A large area
of natural grassland surrounding these regions was chosen as the control (CK).
Soil moisture at depths of 20, 40, 60, 100 and 200 cm below the surface was
measured along the soil profile using the ECH2O-10HS soil moisture automatic
monitoring instrument. The HOBO-RG3-M self-recording rain gauge was used
to monitor rainfall. Soil water storage, coefficient of variation, and Pearson’s
correlation coefficient were calculated to study the differences in soil moisture
and the dynamic change regularity in soil moisture under different rainfall
conditions. This research provides important theoretical support for the soil
moisture distribution and vegetation restoration in the blowouts of the
Hulunbuir Grassland.

Results and discussion: The volumetric water content of the soil in the blowouts
was 15.95%, the volumetric soil water content in different parts of the soil varied
from low to high as follows: sand pit-I < sand-grass transition zone-IV < fringe
zone-II < CK < sand accumulation zone-III. The soil volumetric water content of
the 0–40 cm soil layer of the blowout was higher than 17.47%, and the soil
volumetric water content of the 40–200 cm soil layer ranged from 12.13% to
17.47%. The volumetric water content of soil in various parts of the blowouts
under different rainfall amounts had significant differences, with rainstorms and
heavy rainfall effectively recharging the blowouts to a depth of 200 cm, and the
blowouts responded strongly to heavy rainfall (71.5 mm). A gradual recovery of
the pre-rainfall volumetric soil moisture content was seen approximately a week
after rainstorms. The water retention and storage capacity of blowout soils was
significantly higher than that of CK, the soil water storage capacity of different
zones ranked in descending order as the sand accumulation zone (1875.38mm) >
edge zone (1373.22 mm) > CK (1188.36 mm) > sand pit (1000.39 mm) >
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sand–grass transition zone (803.90 mm). The correlation coefficient of sand pits
and sand cover was 0.5612, and that of sand accumulation zones and sand cover
was 0.5845, which confirmed that sand cover enhanced the water retention
capacity of the localized area of blowouts (sand accumulation zones).
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soil volumetric water content, rainfall, soil water storage, blowouts, soil

1 Introduction

Grassland blowouts represent the beginning stage of the
formation of grassland mobile dunes. As multiple adjacent
blowouts develop, they overlap to form sand bands (Malakouti
et al., 1978). The conversion of grassland landscapes to sandy
landscapes occurs under the dual action of wind erosion and
sand burial (Byrne, 1997). Blowouts form when wind erodes the
surface of the grassland and sand accumulates and spreads on the
downwind side of the pit under the action of the wind. This results in
the “breaching” of the moisture in the grassland soil, which leads to
blowouts and extremely dry soil on the downwind side of the soil
surface. However, after the rainy season, the area of sand
accumulation on the downwind side of the blowouts has the
function of water storage. Therefore, studying the changes in soil
water content in different parts of these blowouts under rainfall is of
great significance to the investigation of the water conservation and
storage capacity of such blowouts. Currently, related research on
blowouts mainly focuses on their morphological classification
(Deren, 2016; Deren et al., 2017; Gares and Nordstrom, 1995;
Jungerius, 1984; Kejun et al., 2022; Yanguang et al., 2023; Zhang,
2007; Zhang, 2009; Zhang et al., 2006), mechanical composition
(Ruru et al., 2019), airflow field (Ruru et al., 2019), erosion and
accumulation characteristics, and influencing factors (Zhang et al.,
2007a; Zhang et al., 2007b). Research on the distribution of soil
moisture in blowouts and the response of blowouts to rainfall is of
great significance to the in-depth understanding of the dynamic
changes of soil moisture in blowouts and the water retention
capacity of the soil for the management of blowouts. However,
its investigation is relatively weak.

Soil water is an important component and key link in terrestrial
ecosystems (Wang et al., 2019). Soil moisture dynamics are
influenced by rainfall, runoff, evapotranspiration processes, and
land-use practices (Luo, 2019). The recharge effect and transport
process of soil water content may exhibit significant differences in
different regions (Wei et al., 2022). Rainfall is the most important
source of soil moisture recharge, and rainfall entering the surface soil
water through the process of infiltration alters the original soil
moisture distribution pattern, thus affecting the soil water storage
capacity (Chen-Mao et al., 2022; Yinglan et al., 2018; Xinle et al.,
2019). It is therefore important to study the response mechanism of
soil moisture to rainfall. In recent years, many scholars have
conducted research in this field. For example, by analyzing the
graded response of soil water content to rainfall under different
vegetation cover conditions, Chunheng et al. (2020) found that
under the same precipitation conditions, the corresponding soil
moisture varied greatly depending on the vegetation cover
condition, and there was a precipitation threshold for initiating
the soil water content response process. Daly and Porporato (2005)

illustrated the relationship between rainfall and soil moisture using
the Richards equation and the Green–Ampt model. Min et al. (2019)
explored the seasonal variation rules and vertical distribution
characteristics of soil water content in different land-use types in
gently sloping windy and sandy areas of loess hills and found that the
soil water content exhibited obvious vertical distribution
characteristics. It has been shown that ground cover can insulate
surface air, causing changes in surface soil properties that affect
water transport (Qi, 2022). Juan (2020) explored the response of
desert steppe soil moisture to precipitation and concluded that
different classes of single precipitation had significant effects on
the soil moisture content under different land cover types and that
the timing of heavy precipitation dominated soil moisture, with a
resonance relationship between time and soil moisture ranging from
5 to 8 months and 9–16 months. In the Maowusu sand land,
precipitation of >8.8 mm can rehydrate the soil layer to a depth
of 10 cm, and precipitation of >40 mm can infiltrate the soil layer to
a depth of 110 cm (Guangyu et al., 2021). In their study of the
response of moisture of the 0–200 cm soil layer to precipitation
pulsation in the oil Artemisia scrub in the Kubuchi Desert, Bo et al.
(2020) found that >8.6 mm rainfall recharged the soil layer to a
depth of 30 cm and that 11.8 mm rainfall recharged the soil layer to a
depth of 50 cm; the lag of feedback to precipitation was enhanced
with the depth of the soil layer In summary, the response of soil
moisture to rainfall varies under different vegetation cover
conditions.

Blowouts are composed of two main parts: the depression
sand pit and the sand material accumulation area. In their sub-
part management research on blowouts, Na et al. (2020) proposed
the combined use of sand barriers + plant sand fixation in blowout
side slopes, edges, and sand accumulation areas. This combined
approach increased the wind erosion pit slope vegetation coverage
to 27.0%, and the number of plant species in the sand
accumulation area reached six. Furthermore, the study of Qu
et al. showed that in the rainy season, there was an artificial spread
of poplar firewood and sand Artemisia, and a natural vegetation
cover was formed in response to the integrated sand fixation
technology. Thus, it is important to study the dynamic changes of
soil moisture and rainfall response of blowouts for blowout
management and vegetation restoration. In their study of the
heterogeneous effect of soil moisture in wind erosion pits, Liman
et al. (2022) showed that after the rainy season, the sand
accumulation area of wind erosion pits had a certain “water
storage” effect, while the sand pits and the edge area showed a
serious “water loss” effect, and the soil was in an extremely dry
state, creating conditions conducive for the expansion of wind
erosion of sand pits. Wind erosion pits form large areas of
quicksand, and the bare sand surface replaces the vegetation
cover, which reduces the water loss by vegetation and surface
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runoff, and the dry sand layer effectively locks the deep water.
However, further studies are required to find out whether wind
erosion pits have a positive effect on the deep water of the
grassland under rainfall conditions. To clarify the distribution
of the soil moisture content in blowouts and its response to
rainfall, the present study selected four representative parts of
the blowouts in the Hulunbeier grassland (sand pits, edge zones,
sand accumulation zones, and sand–grass transition zones) as the
research objects. Then, this study analyzed the dynamic changes
of soil moisture in blowouts with natural grassland as the control
(CK), compared the differences in soil moisture between different
parts of the pits under different rainfall types, and clarified the
response mechanism of blowouts to rainfall to determine whether
wind pits have a water conservation benefit. This study aimed to
(1) compare the differences in soil moisture in different parts of
the blowouts under a variety of rainfall conditions; (2) understand
the response mechanism of blowouts to rainfall; (3) explore
whether blowouts provide the function of water retention; and
(4) clarify the effect of blowouts on grassland soil moisture.

2 Material and methods

2.1 Study area

The study area is located in the Hulunbeier sandy grassland
(Figure 1). The administrative area belongs to the territory of
Ewenke Autonomous Banner, Hulunbeier City, Inner Mongolia
Autonomous Region, in the center of the Hulunbeier grassland,
south of the Daxing’anling Mountains, with an altitude of
691.10 m. The geographic coordinates of the study area are
120°45′30″–120°45′47″E, 49°03′67°–49°03′73″N. Ewenke
Autonomous Banner has a temperate semi-arid continental
climate, with dry and windy winters, mild and short summers,
and precipitation concentrated in June–September. The average
annual temperature ranges from −3.9°C to 1.2°C, and the average
annual precipitation is 332.2 mm. The study area is located in the
eastern part of Ewenke Autonomous Region, where black
calcareous soil predominates, and the interior of the study
area is dominated by sandy and windy soils, with residual

FIGURE 1
Study area location.
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black calcareous soils in some areas. The vegetation is dominated by
thyme (Thymus mongolicus), stemless cinquefoil (Potentilla acaulis),
the perennial grassCleistogenes squarrosa, and needleleaf sedge (Carex
duriuscula subsp. rigescens). Sand plants such as wolfsbane (Stellera
chamaejasme) and fringed sagewort (Artemisia frigida) are scattered.
The mechanical composition of soils in the area is dominated by
medium and fine sands.

Natural grassland (CK) and blowouts in the study area were
selected for investigation, the basic conditions of the blowouts were

obtained using a field survey (Table 1), and the mechanical
composition of the soil is shown in Table 2.

2.2 Sample plot selection and
instrument setup

Blowouts are composed of two main parts: the depression sand
pit and the sand material accumulation area (Shaoyun and Yuxing,

TABLE 1 Basic situation of blowouts.

Typical areas Serial
number

Sand
thickness (cm)

Vegetation
cover (%)

Soil water capacity
(g·cm−3)

Total
porosity (%)

Sand pit I 80–84 0 1.61 32.51

Edge II 0 40 1.60 35.01

Sand belt III 40–50 3 1.61 31.48

Sand–grass transition
zone

IV 6–10 50 1.61 34.11

CK V 0 60 1.63 32.94

TABLE 2 Mechanical composition of blowouts.

Typical areas Sand pit Edge Sand belt Sand–grass transition zone CK

Serial number I II III IV V

Sticky particles/% 0.65 ± 0.08c 0.75 ± 0.05bc 0.75 ± 0.02bc 0.97 ± 0.01a 0.89 ± 0.23ab

Powdery grain/% 5.65 ± 0.73c 7.23 ± 0.75c 7.23 ± 0.37c 16.72 ± 1.77b 23.2 ± 3.78a

Very fine sand/% 0 ± 0b 0 ± 0b 0 ± 0b 0.18 ± 0.09a 1.37 ± 0.88b

Fine sand/% 21.1 ± 0.61a 16.55 ± 1.09bc 16.7 ± 0.51c 14.97 ± 0.47b 13.58 ± 1.43b

Medium sand/% 60.65 ± 0.33a 60.88 ± 0.45a 61.06 ± 0.39a 54.75 ± 1.3b 48.8 ± 2.16c

Coarse sand/% 12.04 ± 1.41b 14.58 ± 1.6a 13.99 ± 0.5ab 12.41 ± 0.36b 12.16 ± 0.69b

Very coarse sand/% 0 ± 0a 0 ± 0a 0 ± 0a 0 ± 0a 0 ± 0a

FIGURE 2
Schematic of blowout zoning.
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2019). As a result, blowouts in the active stage of development can be
divided into four typical parts, and the differentiation of each site is
significant (Figure 2). According to the characteristics of each area of
the investigated blowouts, the soil type, and the vegetation cover
condition, the blowouts investigated in this study were divided into
four typical parts from inside to outside: the sand pits (I), the edge
zone (II), the sand accumulation zone (III), and the sand–grass
transition zone (IV). The blowouts in the upwind direction and the
natural grassland on the periphery were set as the control (CK).
Using the drying method and in situ monitoring, the ECH2O-10HS
soil moisture automatic monitoring instrument was inserted
horizontally along the soil profile to determine the volumetric
moisture content and temperature of each soil layer in five
sample plots at depths of 20 cm, 40 cm, 60 cm, 100 cm, and
200 cm from the surface in July 2023, with a monitoring
frequency of 10 min. The HOBO-RG3-M type self-calculating
rain gauge was installed in an open area of the study area to
monitor the rainfall, with a data recording interval of 10 min
and a measurement accuracy of 0.2 mm. Three blowouts were
selected as replicates. The observation period was from 27 July
2023, to 25 September 2023, which was the plant growth period.

2.3 Rainfall characteristics

Rainfall with a large interval of at least 24 h was classified as a
separate rainfall event (Ferrarezi et al., 2020). The 24-h rainfall was
classified into five categories (Shengyuan, 2015): 0–10 mm was
considered light rain; 10–25 mm was considered moderate rain;
25–50 mm was considered heavy rain; and 50–100 mm was
considered torrential rain. From July 25 to 25 September 2023, a
total of 28 rainfall events occurred in the study area (Table 3). The
total rainfall was 271.80 mm, with a single-event minimum of
0.1 mm and a maximum of 71.50 mm. Light rain occurred
20 times, accounting for 60.61% of the total number of rainfall
events, and contributed a total of 43.50 mm of the total rainfall, or
16%. Moderate rain occurred 5 times, accounting for 30.30% of the
total number of rainfall events, with a total of 84.80 mm, or 31.20%
of the total rainfall. Heavy rain occurred twice, accounting for 6.06%
of the total number of rainfall events, contributing a total of
72.00 mm of precipitation, or 26.49% of the total. Torrential
rainfall occurred the fewest number of times at only one heavy
rainfall event, accounting for 3.03% of the total number of rainfall
events and contributing 71.50 mm of precipitation, which accounted
for 26.31% of the total rainfall. Rainfall data for the observation
period (25 July 2023 to 25 September 2023) were obtained from the

Hulunbeier Sand Observatory meteorological station near
the study area.

2.4 Soil water storage

The amount of water stored in each layer of the soil, as well as the
total amount of water stored, can be calculated using the following
formula: (Wenfei et al., 2017)

SWS � SWCi × Hi × 10

where SWS is the soil water storage capacity at the measurement
depth (mm), SWCi is the volumetric soil water content at the
measurement depth (%), Hi is the thickness of the soil layer
(cm), and 10 is the unit conversion factor (mm/cm).

2.5 Calculation of the coefficient of
variation (CV)

The CV is a statistical measure of the degree of variability of each
observation in the data, defined as the ratio of the sample standard
deviation to the mean. In this paper, this index was used to examine the
degree of variability of soil moisture between different months. CV <
10%was considered weak variability, 10%≤CV ≤ 100%was considered
moderate variability, and CV > 100% was considered strong variability.
The calculation formula is as follows: (Xueting et al., 2023)

CV � SD

MN
( ) × 100%,

where CV is the coefficient of variation (%), SD is the standard
deviation, and MN is the mean.

2.6 Calculation of Pearson’s correlation
coefficient

Pearson’s correlation coefficient was proposed by British
statistician Pearson in the 20th century, and its formula is as
follows: (Guozheng et al., 2023)

ρ � COV X,Y( )�����
D X( )√ �����

D Y( )√( )
where ρ is the correlation coefficient; COV(X,Y) is the covariance of
variables X and Y; and D(X) and D(Y) are the variances of X and Y,
respectively

TABLE 3 Characteristics of different types of rainfall in the study area.

Type of
rainfall

Rainfall
criteria (mm)

Number of
rainfall events

Proportion of total number of
rainfall events (%)

Total
rainfall (mm)

Proportion of total
rainfall (%)

Light rain 0–10 20 60.61 43.50 16.00

Moderate rain 10–25 5 30.30 84.80 31.20

Heavy rain 25–50 2 6.06 72.00 26.49

Torrential rain 50–100 1 3.03 71.50 26.31

Total 0–100 28 100.00 271.80 100.00
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3 Results

3.1 Soil moisture heterogeneity in various
parts of blowouts

Figure 3 displays the soil water content in the 0–200 cm soil layer
in typical areas with blowouts. The soil volumetric water content did

not differ significantly in different parts of the blowouts. The soil
volumetric water contents in different parts of the pit were ranked
from lowest to highest as follows: sand pit (I) < sand–grass transition
zone (IV) < edge zone (II) < CK < sand accumulation zone (III). The
soil volumetric water content of the sand accumulation zone (III)
increased by 10.09% compared with CK, whereas the soil volumetric
water contents of the sand pit (I), edge zone (II), and sand–grass
transition zone (IV) decreased by 36.38%, 6.80%, and 27.45%,
respectively, compared with CK. The mean value of the
volumetric water content of blowout soil was 15.95%, which was
decreased by 15.13% compared with CK.

With the deepening of the soil layer, the volumetric water
content of the soil from 0 to 200 cm in different parts of the
blowouts exhibited different degrees of changes (Figure 4). The soil
volumetric water content of the sand pit (I) exhibited an M-shaped
curve, with peaks of 14.06% and 15.09% at 40 cm and 100 cm,
respectively, and the lowest volumetric water content at 60 cm,
which was 9.02%. The volumetric water content of the edge zone (II)
soil gradually decreased from shallow soil to deeper soil, declining
from 20.44% to 15.74%. The volumetric water content of the sand
accumulation zone (III) showed an N-shaped curve, with the lowest
and highest values of 17.93% and 25.26%, respectively, found at
20 cm and 200 cm, respectively. The volumetric water content of the
sand–grass transition zone (IV) gradually decreased below 40 cm,
from 19.46% to 2.43%. The soil volumetric water content curve of
the CK soil was similar to that of the sand–grass transition zone, but
with similar curves found for all soil layers except for the soil at
100 cm, which contained much higher soil volumetric water content
than the corresponding layer in the sand–grass transition zone (IV).

FIGURE 3
Volumetric water content of blowouts and CK soils.

FIGURE 4
Soil volumewater content in the vertical profiles of different parts
of blowouts.
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As can be seen from Table 4, among the different soil layers in
different parts of the blowouts, the CV was higher in the 20 cm layer
of the sand pit (I) and the sand–grass transition zone (IV), which
exhibited CV values of 21.60% and 47.00%, respectively. This result
indicates that these two soil layers had a higher degree of dispersion
and greater soil moisture fluctuation than the other layers. The soil
volumetric water content of the sand pit (I) was moderately variable
at all soil layers, and the degree of variability showed a decreasing
trend with increasing depth. The soil volumetric water content at
40 cm in the blowout edge zone (II) was weakly variable, while the
soil volumetric water contents of the remaining layers were
moderately variable, and the degree of variation of the soil
volumetric water content rose with the increase in soil depth
from 40 cm downward. In the sand accumulation zone (III), the
CV from 20 to 40 cm was moderate, the CV in the remaining layers
was weak, and the highest CV was 16.60% at 40 cm. The sand–grass
transition zone was weakly variable from 20 to 60 cm and
moderately variable at 100 cm and 200 cm, but the soil layer at
200 cm had a higher CV, 47.00%, and was the soil layer with the
highest CV among all parts of the blowout.

3.2 Response of soil moisture to rainfall in
various parts of blowouts

The rainfall amount of 8.2 mm was analyzed as a representative
light rainfall event, 15.7 mm was considered a representative
moderate rainfall event, 45.3 mm was used as a representative
heavy rainfall event, and 71.5 mm was considered a
representative torrential rainfall event. Because the response time
of each soil layer to rainfall differed, the maximum soil water content
within 1 d after the end of rainfall was selected as the post-
rainfall data.

The soil volumetric water content in different parts of the
blowouts was significantly different under varying amounts of
rainfall (Figure 5). The soil volumetric water content in different
parts of the blowouts did not change significantly after receiving
8.2 mm of precipitation (Figure 5), and the rainfall only recharged to
the 20 cm soil layer. The soil volumetric water content in zones I, II,
III, and IV increased by 2.30%, 3.03%, 3.09%, and 2.67%,
respectively, which were all higher than the corresponding
increases in CK, and the soil layers below 20 cm did not display
significant changes. This indicates that different parts of the

blowouts below 20 cm did not exhibit a significant response to
light rainfall events.

After 15.7 mm of rainfall, the soil volumetric water content of
the soil layers at 0–40 cm changed significantly. At 20 cm, the soil
volumetric water content of zones I, II, III, and IV increased by
1.85%, 6.44%, 3.51%, and 1.2%, respectively. At 40 cm, the soil
volumetric water content of zones I, II, III, and IV increased by
0.91%, 0.95%, 0.51%, and 0.83%, respectively. At 60–200 cm,
different parts of the blowouts were not significantly affected by
rainfall, and the recharge was below 0.20%. These results indicate
that different parts of the blowouts had a significant response to
moderate rainfall from 0 to 40 cm.

After 45.3 mm of rainfall, the soil volumetric water content in
different parts of the blowouts responded to different degrees. The
soil volumetric water content at 200 cm in zones I, II, and IV
responded strongly to rainfall, with increases of 4.40%, 8.70%, and
3.01%, respectively. Furthermore, the soil volumetric water content
at 20 cm and 40 cm in the sand accumulation zone (III) exhibited a
marked response to rainfall, with increases of 11.63% and 8.83%,
respectively. The soil volumetric water content of the blowouts,
except for the sand pit area, was recharged by rainfall by more than
13.58%. This was higher than the CK rainfall recharge, indicating
that the soil of blowouts from 0 to 200 cm displayed a greater
response to rainfall under heavy rainfall conditions and effectively
recharged the soil layer at 200 cm.

After 71.5 mm of rainfall, the soil volumetric water content in
different parts of the blowouts increased and exhibited a strong
response. The response intensity of different parts of the blowouts
from low to high was ranked as follows: CK (27.97%) < sand–grass
transition zone (28.18%) < sand pit (34.75%) < sand accumulation
zone (5.54%)< edge zone (42.81%). The soil layers in different parts of
the blowouts were recharged by more than 3.00%, and the soil
volumetric water content at 100 cm in zones I, II, III, and IV
responded strongly to rainfall, with increases of 9.31%, 10.87%,
8.83%, and 9.59%, respectively, compared with the pre-rainfall period.

3.3 Effect of rainfall on soil water storage
in blowouts

As can be seen from Figure 6, the soil volumetric water content
of the blowouts can be roughly divided into three parts: the shallow
soil layer at 0–40 cm, the medium-depth soil layer at 40–100 cm, and

TABLE 4 Vertical profile of soil moisture variation in typical areas of blowouts.

Soil depth (cm) Coefficient of variation (%)

Sand pit (zone I) Edge (zone II) Sand belt (zone III) Sand–grass transition (zone IV) CK

20 21.60 10.26 12.46 8.96 3.79

40 17.63 7.28 16.60 8.68 13.92

60 16.40 11.59 6.19 7.84 6.85

100 11.75 13.95 11.70 14.48 15.27

200 14.39 13.27 4.47 47.00 16.32

Average 16.35 11.27 10.28 17.39 11.23

Frontiers in Environmental Science frontiersin.org07

Bao et al. 10.3389/fenvs.2024.1519807

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1519807


the deep soil layer from 100 to 200 cm. The volumetric water content
of the soil at 0–40 cm was higher than that of other soil layers, with
an average of more than 17.47%. The analysis of the response of the
blowouts to rainfall indicated that the 0–40 cm soil layer displayed a
stronger response to rainfall than the other soil layers and was easily
recharged by water. This soil layer was recharged by light and
moderate rainfall, but the volumetric water content of the soil
decreased with time in the absence of rainfall. The volumetric
water content of the soil in the middle-depth layer of 40–100 cm
was 13.20%. The soil volumetric water content in the middle and
deep soil layers from 40 to 100 cm ranged from 13.20% to 17.47%,
which was increased by rainfall recharge and did not change
significantly over time in the absence of rainfall recharge. The
soil volumetric water content in the deep soil layers from 100 to
200 cm ranged from 12.13% to 15.55%.

Figure 7 depicts the dynamic changes of soil water storage in the
0–200 cm soil layer in different parts of the blowouts during the
observation period. During the observation period, the cumulative
rainfall was 278 mm. The soil water storage capacity in different

parts of the blowouts showed fluctuations of different degrees, and
the soil water storage capacity rose basically 1 d after the rainfall,
which indicated that the absorption of rainfall exhibited hysteresis.
As shown in Figure 7, the total soil water storage capacity of the
blowouts was 1249.58 mm, which was 5.15% higher than that of CK.
However, the water storage capacity of the blowouts was not as good
as that of CK after sustained rainfall, water loss occurred more
rapidly, and the overall total soil water storage capacity trend
continued to decrease. Therefore, the soil water storage capacity
of the blowouts was high, but their water retention and storage
capacity was poor. Among the different parts of the blowouts, the
soil water storage capacity ranked in descending order as zone III
(1875.38 mm) > zone II (1373.22 mm) > CK (1188.36 mm) > zone I
(1000.39 mm) > zone IV (803.90 mm). This result suggests that the
water retention and storage capacity of the sand accumulation zone
(III) is stronger than that of other zones, helping to preserve water,
which may be because the surface layer of the sand accumulation
zone (III) has a certain thickness, thereby enhancing the water
retention and storage capacity of the sand accumulation zone.

FIGURE 5
Dynamic changes of soil water content in different parts of blowouts.

FIGURE 6
Dynamic contour plot of the soil volumetric water content of blowouts.
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4 Discussion

4.1 Influence of soil mechanical composition
on soil moisture in blowouts

Soil moisture is closely related to the mechanical composition of
the soil; the more loose and porous the soil, the lower the bulk
density, and the more permeable the soil (Yun, 2013; Yanli, 2018).
Xiwei (2018) investigated the evolution of sandy grassland blowout
and suggested that the mechanical composition of blowout soils in
the Hulunbeier sandy grassland is mostly dominated by fine sand,
followed by medium sand. In contrast, the blowouts investigated in
the present study were dominated by medium sand, followed by fine
sand (Figure 8). This was consistent with Wang et al. (2008)
conclusions regarding the mechanical composition of soils based
on the study of trough-type blowouts in the Hulunbeier sandy
grassland. Zhaungzhuang et al. (2020) suggested that soil
macropores accelerate water infiltration and that soil macropores
and rainfall intensity jointly influence the water infiltration process.
Shenghua et al. (2019) conducted a study on the relationship
between the soil water content and soil particle size distribution
in desert grasslands and found that the soil water content was

positively correlated with soil clay and fine particles. Honglian et al.
(2022) and Honglian, 2022 research on the characteristics of deep
soil moisture seepage in the Maowusu sandland suggested that soil
texture is the main influencing factor affecting deep soil moisture
seepage. In the present study, there was a linear fit between the soil
moisture content and soil mechanical composition of blowouts, and
the results indicated that the soil mechanical composition of
different parts of the blowouts had different correlations to soil
moisture. The correlations between soil moisture and clayey,
powdery, very fine sand, and fine sand were positive, while the
correlations between soil moisture and medium sand, coarse sand,
and very coarse sand were negative.

4.2 Effect of sand cover thickness on the soil
moisture content in blowouts

The dry sand layer has good permeability and can effectively
recharge groundwater under heavy rainfall conditions (Dong et al.,
2013). However, Jiansheng et al. (2014) suggested in their isotopic
tracer study of moisture sources in the wet sand layer of the Alashan
Desert that simulation experiments and natural rainfall observations

FIGURE 7
Dynamic changes of soil water storage in different parts of blowouts.

FIGURE 8
Soil particle size frequency distribution curve of wind-eroded crater soil.
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indicated that rainfall could not effectively recharge groundwater.
Precipitation first infiltrates the dry sand layer, where the infiltrated
precipitation forms a thin film water layer. The water molecules
continue to infiltrate deeper soil only when the content of the dry
sand layer reaches its maximum water holding capacity. Because the
dry sand layer is recharged by rainfall and the soil water content is
close to the limiting value, the soil water is unlikely to infiltrate
deeper layers substantially over time.

Different sand and wind processes, such as wind erosion and
sand burial, occur in different parts of the blowout, and the thickness
of the sand overburden layer varies from one part to another. Limin
et al. (2022) investigated the heterogeneous effect of soil moisture in
the blowouts in the Hulunbeier grassland and suggested that the soil
moisture exhibited heterogeneity in five typical parts of blowouts.
Based on further analyses, it was concluded that the sand-covered
layer was effective in retaining the deeper layer of moisture.
Therefore, in the present study, the correlation between the
thickness of sand cover and the soil moisture in different parts of
the blowouts was analyzed (Figure 9). The correlation coefficients
between sand pits and sand cover and between sand accumulation
zones and sand cover were 0.5612 and 0.5845, respectively, and the
soil moisture content was higher in sand pits and sand accumulation
zones with sand cover than in CK. This finding implies that the sand
cover has a positive effect on the water retention capacity of localized
areas of blowouts. Yinling et al. (2023) conducted a study on the
relationship between soil moisture and topographic vegetation
factors in fixed dunes at the southern edge of the Gurbantunggut
Desert and found that the soil moisture at different depths showed a
consistent unimodal distribution, with the order of soil moisture
content in different soil layers being deep layer > middle layer >
surface layer, exhibiting significant differences. In the present study,
the soil moisture content of different soil layers in the blowouts was
markedly different. This was probably because the blowouts evolved
from grassland under the action of wind erosion and sand
formation, which led to ecological disruption. The examination
of the soil profile revealed that the thickness of the underlying

black soil layer beneath the sand layer in different parts of the
blowouts varied, leading to great differences in soil moisture.

4.3 Effect of rainfall on the water storage
capacity of blowouts

Rainfall has a recharging effect on soil moisture, and the only
source of moisture in desert areas is usually precipitation that
infiltrates deep into the soil (Wenbin et al., 2014; XueYong et al.,
2006). The deeper layers of dunes hold a large amount of water, but
the surface soil moisture is low due to rapid evapotranspiration
and wind erosion (Yuxing et al., 2020; Yun-zhu et al., 2021).
However, the soil water content from 0 to 60 cm is more
strongly affected by rainfall, making it more variable than other
soil layers (Haiqin et al., 2020; Dongmei et al., 2005). In the present
study, we examined the water retention and storage capacity of the
blowouts and their different parts before and after rainfall. The
results showed that the water storage capacity of the blowouts
differed from that of the CK by 61.22 mm, and the overall soil
moisture of the blowouts was higher than that of the CK. However,
the water storage capacity of the blowouts was not as good as that
of the CK after sustained rainfall, the loss of water was more rapid,
and the overall soil moisture trend continued to decrease. As a
result, blowout soils have a high water storage capacity but a poor
water retention and storage capacity. The water retention and
storage capacity of the sand accumulation zone was strong, which
was consistent with the conclusion of the previous study (Xiwei
et al., 2018).

5 Conclusion

This study investigated the response of soil moisture to rainfall
in different parts of the blowouts in the Hulunbeier grassland and
analyzed the changes in soil moisture in the pits. The main
conclusions are as follows:

(1) The volumetric water content of the soil in different parts of
the blowouts varied from low to high as follows: sand pit-I <
sand-grass transition zone-IV < fringe zone-II < CK < sand
accumulation zone-III. The soil volumetric water content in
the 0–40 cm soil layer of the blowout was high, averaging
more than 17.47%; the volumetric water content in themiddle
and deep soil layers at a depth of 40–100 cm ranged from
13.20% to 17.47%; and the volumetric water content in the
soil layer at a depth of 100–200 cm ranged from 12.13%
to 15.55%.

(2) The soil volumetric water content of the blowouts differed
significantly under different rainfall amounts, and rainstorms
effectively recharged the pits to a depth of 200 cm (i.e., the pits
responded strongly to rainstorms). The volumetric water
content of the soil gradually recovered approximately a
week after the rainstorm.

(3) The water storage capacity of blowout soils was significantly
higher than that of CK. The soil water storage capacity of
different parts of the blowouts was in the order of sand
accumulation zone (1875.38 mm) > edge zone

FIGURE 9
Correlation between the sand cover layer of blowouts and the
soil water content of different soil layers.
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(1373.22mm) >CK (1188.36 mm) > sand pit (1000.39 mm) >
sand–grass transition zone (803.90 mm).

(4) The correlation analysis of the thickness of the sand cover
layer and the soil moisture content in different parts of the
blowouts demonstrated that the correlation coefficient of the
sand pit and sand cover and that of the sand accumulation
zone and sand cover layer were 0.5612 and 0.5845,
respectively. In addition, the soil moisture content of the
sand pit and sand accumulation zone was higher than that of
the sand pit and sand accumulation zone in which the natural
grassland had a sand cover layer, which indicated that the
sand cover layer had a positive effect on the water retention
capacity of the blowouts in the local area. However, in this
study, we did not thoroughly investigate how much thickness
is needed in the sand cover layer for it to have enough of a
water retention effect to promote plant growth.

(5) The area of the blowouts investigated in this study was small,
and blowout development occurs slowly; thus, the data did
not represent all stages of blowout development. Therefore, in
the follow-up study, the water storage capacity of different soil
layers should be investigated in each blowout development
stage (the bare sand, activation stage, fixation stage, extinction
stage, and re-activation stage) to provide more rigorous
theoretical support regarding whether blowouts have a
positive effect on the soil moisture in grasslands.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

ZB: Writing–original draft, Writing–review and editing,
Conceptualization, Data curation, Formal Analysis, Funding
acquisition, Investigation, Methodology, Project administration.
LY: Project administration, Resources, Supervision,
Writing–review and editing. ZM: Supervision, Writing–review

and editing. EZ: Data curation, Methodology, Writing–original
draft. LZ: Data curation, Writing–original draft. JL: Data
curation, Writing–original draft.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. “Integration
and Demonstration of Ecological Restoration Technologies for
Hulunbeier Sandy Land” of the Inner Mongolia Key R&D and
Achievement Transformation Program (2022YFDZ0055).

Acknowledgments

We thank LetPub (www.letpub.com.cn) for its linguistic
assistance during the preparation of this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Bo, W., Yuxi, D., Weifeng, W., Li, X. J., Liu, Y., and Liu, Z. Q. (2020). Responses of
shallow soil water content in Artemisia ordosica community to different rainfall
patterns. Chin. J. Appl. Ecol. 31 (05), 1571–1578. doi:10.13287/j.1001-9332.202005.011

Byrne, M. L. (1997). Seasonal sand transport through a trough blowout at pinery
provincial park, ontario. Can. J. Earth Sci. 34 (11), 1460–1466. doi:10.1139/e17-118

Chunheng, Z., Hongsong, C., Zhiyong, F., Huimin, R., and Xiu, L. (2020). Effect of soil
macropore structures on soil and water loss progress in karst areas. J. Soil Water
Conservation 34 (06), 70–76. doi:10.13870/j.cnki.stbcxb.2020.06.011

Chun-Mao, S., Ya, L., Sheng-Tian, Y., Qiu-Wen, Z., Jun-Lin, Y., and Liu, Y. (2022).
Responses of soil moisture at different slope positions to rainfall in dry-hot valley.
J. Appl. Ecol. 33 (05), 1352–1362. doi:10.13287/j.1001-9332.202202.018

Daly, E., and Porporato, A. (2005). A review of soil moisture dynamics: from rainfall
infiltration to ecosystem response. Environ. Eng. Sci. 22 (1), 9–24. doi:10.1089/ees.2005.
22.9

Deren, Y. (2016). Impact factors and morphological characteristics of blowoutss in
hunshandake sandland. Scientia Geogr. Sin. 36 (04), 637–642.

Deren, Y., Haiguang, H., Xiaolong, H., and Limin, Y. (2017). Wind speed character in
different parts of blowouts in fixed dunes. J. Inn. Mong. For. Sci. Technol. 43 (03), 10–13.

Dong, Z. B., Qian, G. Q., Lyu, P., and Guangyin, H. (2013). Investigation of the sand
sea with the tallest dunes on earth: China’s badain jaran sand sea. Earth-Sci. Rev. 120,
20–39. doi:10.1016/j.earscirev.2013.02.003

Dongmei, Y., Jiaqi, Q., Shengli, H., Youliang, T., and Liansheng, G. (2005). Studies on
the soil water dynamic and the characteristics of soil water potential in the drifting sand
dunes in wulanbuhe desert. J. Arid Land Resour. Environ. (03), 126–130. doi:10.3969/j.
issn.1003-7578.2005.03.024

Ferrarezi, S. R., Nogueira, R. A. T., and Zepeda, C. G. S. (2020). Performance of soil
moisture sensors in Florida sandy soils. Water 12 (2), 358. doi:10.3390/w12020358

Gares, P. A., and Nordstrom, K. F. (1995). Acyclic model of foredune blowouts
evolution for a leeward coast: island Beach. NJ. Ann. Assoc. Am. Geogr. 85, 1–20.

Guangyu, H., Xiaojiang, W., Guohou, L., Xiaowei, G., Lei, Z., Zhuofan, L., et al. (2021).
Response of soil moisture to different rainfall patterns in hedysarum leave in mu us
sandy land. Bull. Soil Water Conservation 41 (02), 76–83+121.

Frontiers in Environmental Science frontiersin.org11

Bao et al. 10.3389/fenvs.2024.1519807

https://www.letpub.com.cn/
https://doi.org/10.13287/j.1001-9332.202005.011
https://doi.org/10.1139/e17-118
https://doi.org/10.13870/j.cnki.stbcxb.2020.06.011
https://doi.org/10.13287/j.1001-9332.202202.018
https://doi.org/10.1089/ees.2005.22.9
https://doi.org/10.1089/ees.2005.22.9
https://doi.org/10.1016/j.earscirev.2013.02.003
https://doi.org/10.3969/j.issn.1003-7578.2005.03.024
https://doi.org/10.3969/j.issn.1003-7578.2005.03.024
https://doi.org/10.3390/w12020358
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1519807


Guozheng, W., Chunyan, Q., Yuanyuan, Z., Yanfang, B., and Yan, Z. (2023).
Probability theory and mathematical statistics. Chongqing, China: Chongqing
University Press.

Haiqin, Q., Xiuli, Z., and Ping, Z. (2020). Temporal and spatial variation of soil
moisture in the shallow dune fixed on baijitan in ningxia. J. Yunnan Agric. Univ. Nat.
Sci. 35 (01), 156–163.

Honglian, L. (2022). Spatio-temporal dynamics of soil water and deep seepage of the
four land use types in the Mu Us Sandy L. Hohhot, China: Agricultural University of
Inner Mongolia.

Honglian, L., Hairong, L., Hongjiao, X., Gaowa, B., Gaowa, X., Hua, W., et al. (2022).
Characteristics of deep leakage of soil water in Four land types in MU Us Sandy land.
J. Inn. Mong. For. Sci. and Technol. 48 (04), 17–20+39.

Jiansheng, C., Xixi, C., and Ting, W. (2014). Isotopes tracer research of wet sand layer
water sources in Alxa Desert. Adv. Water Sci. 25 (02), 196–206.

Juan, C. (2020). Response of soil moisture to precipitation in desert steppe. Yinchuan,
China: Ningxia University.

Jungerius, P. D. (1984). A simulation model of blowout development. Earth Surf.
Process. Landforms. 9, 509–512. doi:10.1002/esp.3290090604

Kejun, C., Shengyu, L., Haifeng, W., and Jinglong, F. (2022). Three dimensional flow
field characteristics of two typical blowouts in the dry lake basin of Taitema Lake and
their influence on wind erosion. Arid. Land Geogr. 45 (06), 1784–1794.

Limin, Y., Zhiguo, Y., Bo, X., Haiyan, G., and Zhaorigetu, H. (2022). Heterogeneity of
soil moisture of blowouts in HulunBuir grassland. Arid Zone Res. 39 (05), 1598–1606.
doi:10.13866/j.azr.2022.05.24

Luo, Y. (2019). Moisture dynamics of a near-surface desert soil. Las Vegas: University
of Nevada.

Malakouti, M. J., Lewis, D. T., and Stubbendieck, J. (1978). Effect of grasses and soil
properties on wind erosion in sand blowouts. J. Range Manag. 31 (6), 417–420. doi:10.
2307/3897198

Min, Z., Shuang, L., Yong, L., and Hong, Z. (2019). Soil moisture variation
characteristics of different land use types in the moderate slope sandy area of loess
hilly region. J. Soil Water Conservation 33 (03), 115–120+128. doi:10.13870/j.cnki.
stbcxb.2019.03.018

Na, Q., Ting, Y., Haiguang, H., Deren, Y., and Zhiguo, Y. (2020). Sand-fixing
technology with sand barrier in activated blowout land vegetation restoration.
J. Inn. Mong. For. Sci. and Technol. 46 (01), 1–7. doi:10.3969/j.issn.1007-4066.2020.
01.001

Qi, S. (2022). Study on the law of soil water movement under the conditions of different
sand covering thickness and mixed straw. Lanzou, China: Lanzhou University of
Technology.

Ruru, X., Qing, A., Qi, Z., Tianyuan, C., Lvping, Y., and Ping, A. (2019). Grain size
characteristics of aeolian sediments at different locations of blowoutss in the eastern
margin of qaidam basin. J. Chengdu Normal Univ. 35 (09), 91–97.

Shaoyun, Z., and Yuxiang, D. (2019). Research progress on morphodynamics of
coastal sandy blowouts. Adv. Earth Sci. 34 (10), 1028–1037.

Shenghua, M., Yingzhong, X., Haiying, H., and Biao, N. (2019). Relationship between
soil moisture content and soil particle size distribution under two typical community
types in desert steppe. Soil Water Conservation China (07), 61–65.

Shengyuan, B. (2015). Study on progress of soil moisture changing in loess soil column.
Xian, China: Northwest A&F University.

Shuai, W., and Eerdun, H. (2008). Particle size variation in trough blowouts on sandy
grassland. Bull. Soil Water Conservation 28 (06), 122–125.

Wang, C., Fu, B., Zhang, L., and Xu, Z. (2019). Soil moisture–plant interactions: an
ecohydrological review. J. Soils Sediments 19 (1), 1–9. doi:10.1007/s11368-018-2167-0

Wei, C., Yaxin, L., Hongyang, W., Jia, W., and Congjian, S. (2022). Dynamic response
characteristics of soil moisture on slope cultivated land and abandoned land to different
rainfall intensities in Loess hilly region. Acta Ecol. Sin. 42 (01), 332–339. doi:10.5846/
stxb202011303064

Wenbin, Y., Jinnian, T., Hairong, L., Hongzhong, D., and Wei, L. (2014). Deep soil
water infiltration and its dynamic variation in the shifting sandy land of typical deserts
in China. Sci. China:Earth Sci. 44 (9), 2052–2061.

Wenfei, Z., Xing, W., Youke, W., Jingxiao, Z., and Qian, H. (2017). Growth and water
consumption of jujube with water-saving pruning in deep dried soil of Loess Hilly Area.
Trans. Chin. Soc. Agric. Eng. 33 (07), 140–148.

Xinle, L., Bo, W., Jianping, Z., Xin, Z., Dong, X., and Duan, R. (2019). Dynamics of
shallow soil water content in Nitraria tangutorum nebkha and response to rainfall. Acta
Ecol. Sin. 39 (15), 5701–5708. doi:10.5846/stxb201808121721

Xiwei, Z. (2018). Study on evolution process and development mechanism of blowoutss
in typical sandy grassland. Hohhot, China: Agricultural University of Inner Mongolia.

Xiwei, Z., Ji, W., Chunxing, H., Yanlong, D., and Cheng, B. (2018). Structure of
drifting sand flow over the surface of blowoutss in the hulun buir sandy grasslands. Arid
Zone Res. 35 (06), 1505–1511.

Xuehua, C., Wanyin, L., Mei, S., and Zhongyuan, W. (2021). Form-flow feedback
within blowoutss at different developing stages in the gonghe Basin,Qinghai province.
Adv. Earth Sci. 36 (01), 95–109.

Xueting, L., Muxing, L., Shiguo, L., Weijie, W., Jun, Y., and Jinhong,W. (2023). Spatial
distribution characteristics of soil moisture on tea garden slope and its response to
rainfall replenishment in the three gorges reservoir area. J. Soil Water Conservation 37
(05), 137–144. doi:10.13870/j.cnki.stbcxb.2023.05.017

XueYong, Z., XiaoAn, Z., HaLin, Z., Tonghui, Z., Yuqiang, L., and Xaioyong, Y.
(2006). Spatial variability of soil moisture after rainfall in different type sands of Horqin
Sand. Arid. Land Geogr. (02), 275–281. doi:10.3321/j.issn:1000-6060.2006.02.018

Yanguang, Z., Huizhong, C., Chao, G., Hongyue, L., Xingfen, Q., and Eerdun, H.
(2018). Grain size characteristics of the blowouts and its environmental significance in
the hulun buir sandy land,China. J. Desert Res. 38 (04), 724–733. doi:10.7522/j.issn.
1000-694X.2018.00006

Yanguang, Z., Zhuoran, W., Damuni, Q., Rina, H., Jie, Y., Zifeng, W., et al. (2023).
Morphological changes and dynamic mechanism of blowoutss on fixed dunes in the
Otingdag sandy land, China. Chin. Sci. Bulletin-Chinese 68 (11), 1298–1311.

Yanli, L. (2018). Study on deep soil recharge characteristics and response for irrigation of
the irrigation farmland in ulan buh desert. Beijing, China: Chinese Academy of Forestry.

Yanling, Z., Dinghai, Z., Ting, N., Zhishan, Z., Lishan, S., Guopeng, C., et al. (2023).
Relationship between soil moisture and topography-vegetation factors on fixed dunes in
the southern margin of the Gurbantunggut Desert. J. Soil Water Conservation 37 (04),
258–266+277. doi:10.13870/j.cnki.stbcxb.2023.04.032

Yinglan, A., Wang, G., Sun, W., Xue, B., and Kiem, A. (2018). Stratification response
of soil water content during rainfall events under different rainfall patterns. Hydrol.
Process. 32 (20), 3128–3139. doi:10.1002/hyp.13250

Yun, A. (2013). Analysis og eco-efficiency on 4 kinds of typical vegetation restoration
mode in Mu Us Sandy land. Beijing, China: Beijing Forestry University.

Yun-zhu, Z., Xin, Z., Chao, Z., Xiaofei, T., Sheng, Z., and Shuchen, S. (2021).
Temporal stability characteristics of surface soil moisture of fixed dunes in the mu
us sandy land. Water Sav. Irrig. (11), 41–46. doi:10.3969/j.issn.1007-4929.2021.11.008

Yuxiang, W., Tingxi, L., Limin, D., Xin, T., and Haiying, W. (2020). Temporal and
spatial variation characteristics of soil moisture and environmental impact factors in
different types of dunes in horqin. J. Soil Water Conservation 34 (06), 125–134+142.
doi:10.13870/j.cnki.stbcxb.2020.06.019

Zhang, A. (2007). HulunBuir sandy grassland blowoutss: influence of human
activities. J. Desert Res. (02), 214–220.

Zhang, A. (2009). Morphology and developmental mode of blowoutss in hulun buir
sandy grassland. China. J. Desert Res. 29 (02), 212–218.

Zhang, A., Hongwei, S., Xiaoke, W., and Zong-Wei, F. (2007a). HulunBuir sandy
grassland blowoutss (II): process of development and landscape evolution. J. Desert Res.
(01), 20–24+170–171.

Zhang, A., Xiaoke, W., Hongwei, S., Jia-Ming, Z., Xiu, L., and Zong-Wei, F. (2006).
HulunBuir sandy grassland blowoutss: geomorphology, classification, and significances.
J. Desert Res. (06), 894–902+1052–1058.

Zhang, A., Xiaoke, W., Hurrle, U., and Zongwei, F. (2007b). HulunBuir sandy grassland
blowoutss (III): influfnce of soil layer and microrelief. J. Desert Res. (01), 25–31.

Zhuangzhuang, Z., Zongping, R., Peng, L., Mengyao, X., Zhanbin, L., and Guoce, X.
(2020). Response of soil moisture content to precipitation under different vegetation
coverages. Sci. Soil Water Conservation 18 (06), 62–71. doi:10.16843/j.sswc.2020.06.008

Frontiers in Environmental Science frontiersin.org12

Bao et al. 10.3389/fenvs.2024.1519807

https://doi.org/10.1002/esp.3290090604
https://doi.org/10.13866/j.azr.2022.05.24
https://doi.org/10.2307/3897198
https://doi.org/10.2307/3897198
https://doi.org/10.13870/j.cnki.stbcxb.2019.03.018
https://doi.org/10.13870/j.cnki.stbcxb.2019.03.018
https://doi.org/10.3969/j.issn.1007-4066.2020.01.001
https://doi.org/10.3969/j.issn.1007-4066.2020.01.001
https://doi.org/10.1007/s11368-018-2167-0
https://doi.org/10.5846/stxb202011303064
https://doi.org/10.5846/stxb202011303064
https://doi.org/10.5846/stxb201808121721
https://doi.org/10.13870/j.cnki.stbcxb.2023.05.017
https://doi.org/10.3321/j.issn:1000-6060.2006.02.018
https://doi.org/10.7522/j.issn.1000-694X.2018.00006
https://doi.org/10.7522/j.issn.1000-694X.2018.00006
https://doi.org/10.13870/j.cnki.stbcxb.2023.04.032
https://doi.org/10.1002/hyp.13250
https://doi.org/10.3969/j.issn.1007-4929.2021.11.008
https://doi.org/10.13870/j.cnki.stbcxb.2020.06.019
https://doi.org/10.16843/j.sswc.2020.06.008
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1519807

	Soil moisture partitioning strategies in blowouts in the Hulunbeier grassland and response to rainfall
	1 Introduction
	2 Material and methods
	2.1 Study area
	2.2 Sample plot selection and instrument setup
	2.3 Rainfall characteristics
	2.4 Soil water storage
	2.5 Calculation of the coefficient of variation (CV)
	2.6 Calculation of Pearson’s correlation coefficient

	3 Results
	3.1 Soil moisture heterogeneity in various parts of blowouts
	3.2 Response of soil moisture to rainfall in various parts of blowouts
	3.3 Effect of rainfall on soil water storage in blowouts

	4 Discussion
	4.1 Influence of soil mechanical composition on soil moisture in blowouts
	4.2 Effect of sand cover thickness on the soil moisture content in blowouts
	4.3 Effect of rainfall on the water storage capacity of blowouts

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


